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Abstract
Objectives. The aim of this prospective, randomized, double blind trial was to investigate the effects of two differ-
ent doses of remifentanil on bispectral index (BIS) values and intubation conditions in a simulated model of rapid 
sequence anesthesia induction (RSAI). 
Material and Methods. 54 ASA I-II adult patients undergoing elective surgery were randomly allocated to two 
groups. After preoxygenation for 3 minutes, induction and tracheal intubation was performed in a 30o head-up 
position. Group I (n = 26) and Group II (n = 28) received a 1 µg/kg or 0.5 µg/kg bolus of remifentanil, respectively, 
over 30 seconds. Propofol was the induction agent. 1 mg/kg of rocuronium was used in all patients. Patients were 
intubated 60 s after administration of the muscle relaxant. Hemodynamic data and BIS scores were obtained before 
induction (baseline), after induction, at intubation and at 1, 3, 5 and 10 minutes following intubation. Intubation 
conditions were scored with a standard scoring system. 
Results. The hemodynamic variables at all the measurement intervals and the area under the hemodynamic vari-
able-time curves were similar among the groups. There was no difference among the groups for BIS measurements. 
Moreover, the mean area under the BIS-time curve for Group I (300 ± 45 cm2) was comparable to Group II (315 ± 
49 cm2) (p = 0.432). The mean total intubation condition score (maximum 14 points) in Group I (12.6 ± 1.67) was 
higher than Group II (10.3 ± 4.79) (p = 0.030). 
Conclusions. 1 µg/kg of remifentanil compared to 0.5 µg/kg of remifentanil provides similar hemodynamic pro-
files and BIS scores, but 1 µg/kg of remifentanil was associated with superior endotracheal intubation conditions. 
According to this study design and medications used, a relation between BIS scores and intubation conditions 
couldn’t be demonstrated (Adv Clin Exp Med 2013, 22, 1, 47–55).

Key words: anesthesia induction, endotracheal intubation, rapid-sequence anesthesia induction, bispectral index, 
remifentanil.

Streszczenie
Cel pracy. Celem tego prospektywnego, randomizowanego, podwójnie ślepego badania było zbadanie wpływu 
dwóch różnych dawek remifentanylu na wskaźnik bispektralny (BIS) i warunki intubacji w symulowanym modelu 
sekwencji szybkiej indukcji znieczulenia (RSAI).
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In emergency anesthesia settings, rapid se-
quence anesthesia induction (RSAI) is a widely 
used technique and it is often associated with sig-
nificant hemodynamic changes [1–3]. There are 
numerous studies on the positive effects of the 
different types of medication such as opioids, lo-
cal anesthetics, β-blockers, calcium antagonists or 
lidocaine on the hemodynamic profile. However, 
the ideal combinations on different types of pa-
tients and in different situations and the reliable 
monitoring approach are still under debate. Opi-
oids, especially remifentanil, are one of the most 
popular agents in daily anesthesia practice. Re-
mifentanil, with its sole pharmacological proper-
ties, provides rapid onset of action and short du-
ration and is named as a preferred agent in RSAI 
[1–4].

Bispectral index (BIS) is a signal processing 
technique combining EEG, EMG and a previously 
collected statistical database of patterns [5]. The 
BIS monitor (Aspect Medical Systems, Natick, 
MA, USA) displays a number from 0 to 100. 
One-hundred shows the awake state; complete 
EEG inactivity results in 0. Under general anes-
thesia, the recommended BIS values are between 
40 and 60. In different anesthesia stages, BIS was 
defined as a predictor of patient response to endo-
tracheal intubation, skin incision, surgical stimuli 
and tracheal extubation [6–9]. However, there is 
still controversy as there are also reports dismiss-
ing the relation between BIS and the stimuli [10]. 
Up to now, the value of BIS monitoring in RSAI 
has been under-evaluated and studied in a limited 
number of clinical trials [11–13]. In this study the 
authors investigated the effect of different dosages 
of remifentanil on intubation conditions, hemody-
namic variations and on BIS values in RSAI. 

The aim of this randomized, prospective, 
double-blind trial was two-sided. It first was to 

investigate the hemodynamic effects and intuba-
tion conditions of different remifentanil doses on 
RSAI. Secondly, it was to evaluate the BIS values, 
generated from different remifentanil doses, its 
prediction capacity of intubation conditions and 
hemodynamic changes.

Material and Methods
After Institutional Review Board approval and 

informed consent was obtained from the patients, 
54 ASA I-II adult patients undergoing elective sur-
gery were allocated into two groups at random by 
sealed envelope technique. Anticipated difficult air-
way, electrocardiograph (ECG) evidence of heart 
block or congestive cardiac failure were the exclu-
sion criteria. Patients enrolled to the study were 
elective surgery patients and a simulated RSAI was 
done. No patients received premedication.

Routine monitoring, consisting of ECG, pulse 
oximetry and non-invasive blood pressure mea-
surement (Viridia CMS M1166A, Hewlett-Pack-
ard, Germany) was initiated. lactated Ringer so-
lution 5 ml/kg was infused prior to the induction 
of anesthesia in all patients. The RSAI method was 
described previously in another study [3]. The au-
thor (ZA) performing the intubation and scoring 
intubation conditions was blinded to the study 
medications. Patients’ lungs were preoxygenated 
for 3 minutes, induction and tracheal intubation 
was performed in a 30o head-up position. Cricoid 
pressure was not applied in any of the patients. At 
induction of anesthesia, Group I (n = 26) received 
a bolus of remifentanil 1 µg/kg over 30 sec. followed 
by a bolus of propofol (administered until the loss of 
eyelid reflex), and a bolus of rocuronium 1 mg/kg. 
Group II (n = 28) received a bolus of remifentanil 
0.5 µg/kg over 30 sec. followed by a bolus of pro-

Materiał i metody. 54 dorosłych pacjentów I–II ASA poddawanych planowej operacji przydzielono losowo do 
dwóch grup. Po 3 minutach wstępnego natleniania pacjentów, przeprowadzono indukcję i intubację w położeniu 
głową do góry pod kątem 30o. Grupa I (n = 26) oraz grupa II (n = 28) otrzymały 1 mg/kg lub 0,5 mg/kg w bolusie 
remifentanylu, odpowiednio, w ciągu 30 sekund. Propofol był środkiem indukcyjnym. Wykorzystano 1 mg/kg 
rokuronium u wszystkich pacjentów. Pacjentów intubowano 60 s po podaniu środka zwiotczającego mięśnie. Dane 
hemodynamiczne i wyniki BIS uzyskano przed indukcją (stan początkowy), po indukcji, podczas intubacji i 1, 3, 
5 i 10 minut po intubacji. Warunki intubacji oceniono za pomocą standardowego systemu punktacji.
Wyniki. Hemodynamiczne zmienne we wszystkich przedziałach pomiarowych i obszar pod krzywymi hemody-
namicznymi w zależności od czasu były podobne w obu grupach. Nie było różnicy między grupami dla pomiarów 
BIS. Ponadto średnia powierzchnia pod krzywą BIS w zależności od czasu w grupie I (300 ± 45 m2) była porówny-
walna do grupy II (315 ± 49 m2) (p = 0,432). Średnia całkowita ocena intubacji (maksymalnie 14 punktów) w gru-
pie I (12,6 ± 1,67) była większa niż w grupie II (10,3 ± 4,79) (p = 0,030).
Wnioski. Dawka 1 mg/kg w porównaniu z 0,5 mg/kg remifentanilu zapewnia podobne profile hemodynamiczne 
i wyniki BIS, ale 1 mg/kg remifentanilu był związany z lepszymi wewnątrztchawicznymi warunkami intubacji. 
Według tego projektu badania i stosowanych leków, nie wykazano związku między wynikami BIS a warunkami 
intubacji (Adv Clin Exp Med 2013, 22, 1, 47–55).

Słowa kluczowe: indukcja znieczulenia, intubacja dotchawicza, sekwencja szybkiej indukcji znieczulenia, wskaźnik 
bispektralny, remifentanyl.
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pofol (administered until the loss of eyelid reflex), 
and a bolus of rocuronium 1 mg/kg. Hemodynamic 
data including heart rate (beats/minute), systolic 
(SAP), diastolic (DAP) and mean blood pressure 
(MAP) (mm Hg), and peripheral oxygen satura-
tion (SpO2) (%) were recorded before induction 
(baseline), after induction, at intubation and at 1, 
3, 5 and 10 minutes following intubation. The mea-
surement referred to as “at intubation” was started 
with laryngoscopy, and the first measurement data 
obtained was recorded. Sixty seconds after adminis-
tration of the muscle relaxant, endotracheal intuba-
tion was performed and intubation conditions were 
scored with a standard scoring system shown in Ta-
ble 1 [14]. The ease of laryngoscopy, jaw relaxation, 
resistance to blade, position and movement of vocal 
cords, movement of the limbs and coughing, were 
graded as excellent (2 points), good (1 points) or 
poor (0 points), and the total intubation score was 
noted. A total intubation score equal or higher than 
12 was considered as excellent intubation. 

Before induction of the anesthesia, pre-gelled 
self-prepping disposable electrodes (Zipprep®, 
Aspect Medical Systems, Natick, MA, USA) were 
applied to the left and right frontal regions and re-
ferred to a vertex electrode. Electrode impedance 
was < 2 kΩ. BIS was continuously measured using 
an Aspect monitor (Aspect Medical Systems, USA) 
and the scores were recorded at the same intervals 
mentioned above for hemodynamic variables. 

Anesthesia maintenance was started follow-
ing endotracheal intubation with 1.5% isoflurane 
and 50% N2O in oxygen inhalation. The hemody-
namic alterations were managed by modifying the 
inhaled concentration of the anesthetic agents and 
rate of fluid administration. None of the patients 
required vasoactive or vasodilating drug support. 
The side effects such as exaggerated hypotension, 

bradycardia and muscle rigidity were recorded 
and further analyzed statistically. 

In the recovery room, after regaining full con-
sciousness, all patients were asked if they recalled 
anything related to the endotracheal intubation.

A preliminary estimate of a sample size of 25 
patients per group, with Type I error of 0.05 and 
Type II error of 0.20, was based on an expected 30% 
difference in mean arterial pressure, based on a pre-
vious study [1]. The data was expressed as mean 
± SD and number of patients. Patients’ character-
istics were compared using an independent sample 
t test and chi square test. All hemodynamic data was 
analyzed within groups using a dependent samples 
t test and in-between groups with an independent 
samples t test. P value adjustment, dividing the 
p value by two for every comparison repeated within 
a group, was done to avoid a Type II error. The area 
under the heart rate, mean, systolic, diastolic blood 
pressure and BIS score-time curve were calculated 
and further analyzed using a Mann Whitney U test. 
The area under the curve data was presented as me-
dian and quartiles. The total intubation condition 
score was analyzed using a Mann Whitney U test 
and the data was presented as median and quartiles. 
Intubation conditions and the number of patients 
with BIS values higher than 60 were analyzed using 
a chi square test and the data was presented as the 
number of patients and a percentage. All statistical 
analyses were computed by SPSS version 10.0 soft-
ware (SPSS Inc, Chicago, Il, USA). A p value of 
< 0.05 was considered significant.

Results
A total of 54 patients were enrolled in the 

study. Demographic data and patients’ charac-

Table 1. Assessment of intubation conditions11

Tabela 1. Ocena warunków intubacji11

Variables 
(Zmienne)

Excellent 
(Doskonałe)

Good 
(Dobre)

Poor 
(Słabe)

laryngoscopy 
(laryngoskopia)
  jaw relaxation
  resistance to blade

easy
relaxed
none

fair
not fully relaxed
slight

difficult
poor relaxation
active

Vocal cords 
(Struny głosowe)
  position
  movement

abducted
none

intermediate
moving

closed
closing

Reaction to insertion of tracheal tube and/or cuff inflation 
(Reakcja na wkładanie rurki i/lub inflacja mankietu)
  movement of the limbs
  coughing

none
none

slight
diaphragm

vigorous
sustained (> 10 s)
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Table 2. Patient characteristics. Data are mean ± SD and 
number of patients. Group I = 1 µg kg–1 remifentanil, 
Group II = 0.5 µg kg–1 remifentanil, NS = not significant

Tabela 2. Charakterystyka pacjentów. Dane oznaczają ± SD 
i liczbę pacjentów. Grupa I = 1 mg kg–1 remifentanylu. Grupa 
II = 0,5 ng kg–1 remifentanylu, NS = nieistotne statystycznie

Group I 
(Grupa I)
(n = 26)

Group II 
(Grupa II)
(n = 28)

P

Age – years 
(Wiek – lata)

 42 ± 12  39 ± 9 NS

Gender (F/M) (n) 
(Płeć)

 12/14  16/12 NS

Height – cm 
(Wzrost – cm)

166 ± 8 168 ± 8 NS

Weight – kg 
(Masa ciała – kg) 

 72 ± 12  73 ± 15 NS

Previous operation 
(±) (n) 
(Poprzednia operacja)

 15/11  16/12 NS

Table 3. Changes in heart rate and arterial blood pressure. Data are mean + SD and quartiles. Group I = 1 µg kg–1 remifentanil, Group 
II = 0.5 µg kg–1 remifentanil. *p = 0.048 compared to Group I, + p < 0.05 compared to baseline, ++ p < 0.01 compared to baseline 

Tabela 3. Zmiany częstości akcji serca i ciśnienia tętniczego. Dane stanowią średnią ± SD i kwartyle. Grupa I = 1 mg 
kg–1 remifentanylu. Grupa II = 0,5 ng kg–1 remifentanylu. * p = 0,048 w porównaniu do grupy I, + p < 0,05 w porównaniu do 
stanu początkowego, + + p < 0,01 w porównaniu do stanu początkowego

Baseline
(Stan po- 
czątkowy)

After induction
(Po 
wywołaniu)

At intubation
(Podczas 
intubacji)

+1 min +3 min +5 min +10 min

HR
Group I 
(n = 26)
Group II 
(n = 28) 

  89 ± 21
  (67–95)
 89 ± 17
 (77–100)

  82 ± 13
  (74–92)+

  82 ± 15 
  (73–90)+

  98 ± 23
 (79–112)+

  98 ± 12
 (86–110)++

  96 ± 15
  (84–110)++

  99 ± 8
  (91–109)++

  93 ± 19
 (78–112) 

  94 ± 12
 (89–105)

  92 ± 15
 (81–107)
  92 ± 14
 (83–103)

  93 ± 17
 (80–105)
  91 ± 11
 (83–100)

SAP (mm Hg)
Group I 
(n = 26)
Group II 
(n = 28)

 144 ± 20 
(131–157)
 140 ± 18 
(129–154) 

 110 ± 23
  (92–127) ++

 122 ± 18
(102–140)*,++

 139 ± 31 
(109–167)
 142 ± 23 
(125–146)

 128 ± 24 
(106–145)++

 133 ± 26 
(116–144)

 107 ± 32
 (97–127)++

 120 ± 19
(105–133)++

 118 ± 15 
(108–125)++

 119 ± 20 
(103–136)++

 119 ± 16
(109–132)++

 126 ± 19 
(113–137) 

DAP (mm Hg)
Group I 
(n = 26)
Group II 
(n = 28)

  73 ± 12
 (62–83)
  74 ± 10
  (72–82)

  62 ± 13
 (56–67)++

  67 ± 10
 (59–77)++

  81 ± 22
 (59–99) 

  80 ± 19
 (70–89)

  75 ± 16
 (56–89)
  74 ± 19
 (63–85)

  64 ± 19
 (53–78)++

  63 ± 12
 (54–80)++

  67 ± 14
 (55–78) 

  62 ± 10
 (59–69) ++

  67 ± 12 
 (58–76)++

  68 ± 15
 (60–78)++

MAP (mm Hg)
Group I 
(n = 26)
Group II 
(n = 28)

  97 ± 14
 (86–106)
  96 ± 10
 (88–106)

  79 ± 15
 (68–83)++

  85 ± 10
 (76–95)++

 103 ± 25
 (82–124)
  98 ± 18
 (88–109)

  93 ± 18
 (75–109)
  90 ± 14
 (82–104)+

  81 ± 14
 (71–92)++

  83 ± 11
 (72–96)++

  84 ± 15
 (74–92)++

  80 ± 14
 (69–91)++

  80 ± 14
 (75–89)++

  83 ± 15
 (72–92)++

Adjusted 
P value for  
statistical
significance
(Istotność sta-
tystyczna)

– 0.05 0.025 0.0125 0.00625 0.00312 0.00156

teristics are shown in Table 2. The groups were 
similar in terms of gender, age, height, weight and 
previous operation history. 

Arterial blood pressure changes are shown in 
Table 3. Hemodynamic variables at all the mea-
surement intervals were similar among the groups. 
The only exception was that systolic arterial blood 
pressure at after induction was higher in Group II 
compared to Group I (p = 0.048). 

The analysis of data within groups revealed 
that HR in both groups decreased at after induction 
and increased with intubation. HR measurements 
remained high throughout the study compared 
to baseline in both groups (Table 3). Both groups 
demonstrated similar blood pressure changes 
compared to baseline values. SAP, DAP and MAP 
values significantly decreased at after induction, 
gained values similar to baseline at intubation and 
remained low at the 3, 5, and 10-minute measure-
ment intervals in both groups (Table 3). The re-
sults of the area under the heart rate, systolic, mean 
and diastolic blood pressure-time curves are pre-
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sented in Table 4. Similarly with the hemodynamic 
variable results, groups were comparable in terms 
of area under the hemodynamic variables-time 
curves data. 

BIS changes at the measurement intervals are 
given in Figure 1. There was no difference among 
groups for BIS measurements. The differences for 
BIS values between groups at intubation (Group 
I = 42 ± 14 vs. Group II = 49 ± 14 [p = 0.052]) and 
at 1 minute after intubation (Group I = 46 ± 11 vs. 
Group II = 52 ± 12 [p = 0.051]) were very close 
to the statistically significant level but didn’t quite 
reach it. The number of patients with BIS values 
higher than the critical level of 60 at the measure-
ment intervals was further analyzed among the 
groups. The number of patients with BIS values 
higher than 60 at measurement intervals were as 
follows: at induction (Group I n = 8 vs. Group 
II n = 4), at intubation (Group I n = 4 vs. Group 
II n = 6), 1 minute after intubation (Group I n = 
6 vs. Group II n = 6), 3 minutes after intubation 
(Group I n = 0 vs. Group II n = 2), 5 minutes af-

ter intubation (Group I n = 6 vs. Group II n = 4) 
and 10 minutes after intubation (Group I n = 4 vs. 
Group II n = 6). According to this BIS data, most 
of the patients’ values in both groups were under 
the critical level 60 and there was no difference 
among groups. Furthermore, for a global evalua-
tion of the study period for BIS measurements, the 
area under BIS-time curve for all individuals was 
calculated and statistically analyzed. The mean ar-
ea under the BIS-time curve for Group I (300 ± 45 
cm2) was comparable to Group II (315 ± 49 cm2) 
(p = 0.432).

In all groups, SpO2 increased following preox-
ygenation compared to baseline values. No severe 
desaturation (SpO2 < 90%) was observed during 
the study period.

The detailed results of intubation condition are 
given in Table 5. The median total intubation con-
dition score (presented as median and quartiles) 
(maximum 14 points) in Group I (13, 11–14) was 
higher than Group II (11.5, 9–13) (p = 0.030). As 
a total intubation score equal to or higher than 12 

Fig 1. BIS values at 
measurement inter-
vals. Data are mean 
± SD. Group I = 
1 µg/kg remifentanil, 
Group II = 0.5 µg/kg 
remifentanil

Ryc. 1. Wartości 
BIS w odstępach 
pomiarowych. Dane 
są podane jako śred-
nia ± SD. Grupa I = 
1 mg/kg remifentany-
lu, grupa II = 0,5 mg/
kg remifentanylu
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Table 4. Area under the curve values for heart rate, systolic, mean and diastolic blood pressure vs. time curves. Data are 
median and quartiles, Group I = 1 µg kg–1 remifentanil, Group II = 0.5 µg kg–1 remifentanil

Tabela 4. Powierzchnia pod krzywą tętna, ciśnienia skurczowego, średniego i rozkurczowego ciśnienia krwi vs krzywe czasu. 
Dane są podane jako mediana i kwartyle. Grupa I = 1 mg kg–1 remifentanylu. Grupa II = 0,5 ng kg–1 remifentanilu

Group I (n = 26)
(Grupa I)

Group II (n = 28)
(Grupa II)

Heart rate × time (cm2)
(Tętno × czas (cm2))

521 (495–645) 548 (515–594)

Systolic blood pressure × time (cm2)
(Ciśnienie skurczowe × czas (cm2))

759 (607–866) 751 (706–808)

Mean blood pressure × time (cm2)
(Średnie ciśnienie × czas (cm2))

558 (472–602) 549 (503–557)

Diastolic blood pressure × time (cm2)
(Ciśnienie rozkurczowe × czas (cm2))

428 (362–477) 434 (396–459)
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was assigned as “excellent intubation conditions” 
[3, 12] the number of patients who had a total in-
tubation score equal to or higher than 12 was fur-
ther analyzed. The number of patients in Group 
I (n = 20, 76%) with excellent intubation condition 
was higher than in Group II (n = 15, 54%) (p = 
0.043). In addition, patients with a total intubation 
score of 14 were higher in Group I (n = 12, 46%) 
compared to Group II (n = 6, 21%) (p = 0.041). 
The incidence of “poor relaxation” was higher in 
Group II (n = 6, 21%) compared to Group I (n = 0, 
0%) (p = 0.042). The number of patients in Group 
II (n = 6, 21%) with “active” resistance to the blade 
was higher than in Group I (n = 0, 0%) (p = 0.026). 
Moreover, during laryngoscopy, the incidence of 
“no movement of the limbs” was higher in Group 
I (n = 20, 76%) compared to Group II (n = 12, 
42%) (p = 0.030). Other intubation evaluation pa-
rameters were comparable among groups.

All patients were questioned for recall of the 
operation or endotracheal intubation-related 
events at the postoperative anesthesia care unit. 
However, no patients in either group expressed 
recall. 

Discussion
This prospective, randomized, blinded trial 

was designed to investigate the hemodynamic 
effects and intubation conditions of different re-
mifentanil doses on RSAI and its effects on BIS 
values. 

Rapid sequence induction is a different type 
of anesthesia induction technique which is gen-

erally used under emergency conditions such as 
patients with trauma, obstetric emergencies and 
patients with full stomach [3, 4]. The goal of RSAI 
is to achieve a safe airway (endotracheal intuba-
tion) as soon as possible with less hemodynamic 
alteration. However, the ideal pharmacologic ap-
proach and clinical and laboratory data to predict 
the intubation and hemodynamic conditions for 
RSAI is still under debate. In view of the lack of 
standard protocols for RSAI and existing contro-
versies about this technique, there is strong need 
for a scientific discussion on this issue [14]. In this 
current study, the different doses of remifentanil 
and generated BIS values in a simulated RSAI sce-
nario were studied.

There are numerous reports on hemodynam-
ic and BIS changes during anesthesia induction, 
but the interactions of hypnotics and opioids on 
BIS values are still controversial [6, 8, 11, 16–18]. 
Guignard et al. [6] studied different target effect 
compartment site concentrations of remifentanil 
and investigated the BIS changes and hemody-
namic response after orotracheal intubation. BIS 
values were not affected by remifentanil before 
intubation, however remifentanil attenuated or 
abolished increases in BIS and MAP after tra-
cheal intubation in a comparable dose-dependent 
fashion. The authors concluded that the addition 
of remifentanil to propofol affects BIS only when 
a painful stimulus is applied [6]. On the other 
hand, more recent reports deny any significant in-
fluence of remifentanil on this measure [19, 20]. 
Yoo et al. [19] showed that remifentanil effectively 
attenuates hemodynamic but not BIS responses 
to tracheal intubation in pre-eclamptic patients 

Table 5. The detailed results of intubation conditions. Data are number of patients. Group I = 1 µg kg–1 remifentanil, Group 
II = 0.5 µg kg–1 remifentanil

Tabela 5. Szczegółowa ocena warunków intubacji. Dane są liczby pacjentów. Grupa I = 1 mg kg–1 remifentanylu. Grupa II = 
0,5 ng kg–1 remifentanylu

laryngoscopy 
(laryngoskopia)

Vocal cords 
(Struny głosowe)

Reaction to insertion of 
tracheal tube and/or cuff 
inflation 
(Reakcja na wkładanie rurki 
i/lub inflacja mankietu)

laryngo- 
scopy
0/1/2

jaw 
relaxation
0/1/2

resistance 
to blade
0/1/2

position
0/1/2

movement
0/1/2

movement 
of the limbs
0/1/2

coughing
0/1/2

Group I (n = 26)
(Grupa I)

2/4/20 0/4/22 0/8/18 0/6/20 0/2/24 0/6/20 0/2/24

Group II (n = 28)
(Grupa II)

6/6/16 6/4/18 6/4/18 4/8/14 4/2/20 4/10/12 4/4/18

P value
(Wartość p)

0.250 0.042 0.026 0.069 0.113 0.030 0.063
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undergoing Caesarean delivery under general 
anesthesia, and Yufune et al. [20] also found no 
significant effect on the BIS values of elective gy-
necological surgery patients. Nakayama et al. [16] 
demonstrated that fentanil modifies the hemody-
namic changes during induction of anesthesia with 
propofol without affecting BIS responses. The BIS 
values slightly increased after tracheal intubation 
but the changes were similar in patients having 
fentanil or not. Moreover, Ferrieira et al. studied 
the effect of a remifentanil bolus on BIS in anes-
thetized patients free from intubation or surgical 
stimuli [21]. According to the results, the authors 
stated that a remifentanil bolus (2 µg/kg) given un-
der total intravenous anesthesia with propofol and 
remifentanil decreases BIS, an effect independent 
of intubation and surgical stimuli. In the present 
study the authors studied the 0.5 or 1 µg/kg bolus 
remifentanil doses in RSAI settings and failed to 
demonstrate a difference in BIS values. The results 
of the BIS values at intubation and 1 minute after 
intubation in Group I (1 µg/kg remifentanil) were 
slightly lower than in Group II but didn’t reach 
statistically significant levels. However, the power 
of the study was calculated from the hemodynamic 
data as mentioned in the statistics paragraph. That 
is why the authors believe that if more patients 
were studied, the results of the BIS values might be 
different and might show a statistical significance. 
On the other hand, according to the authors, the 
results of the BIS values resemble a minor sup-
pression with 1 µg /kg remifentanil compared to 
0.5 µg/kg remifentanil.

The method of the present study differs from 
some of the previous studies not only in the use 
of RSAI but also in the way of administration of 
remifentanil as a bolus injection. Remifentanil 
was administered as a bolus due to the nature of 
RSAI. Most of the previous studies used a target 
controlled infusion system which enables more 
accurate dose regimens. On the other hand, it is 
not wise to use a target controlled infusion system 
in RSAI, as it requires a long time for infusion. 
The concerns of airway control, extended time for 
endotracheal intubation after the initiation of the 
drug infusion, and increased risk of gastric content 
aspiration during the infusion makes it impossible 
for this system to be used for RSAI. 

The intubation conditions in RSAI are an-
other challenging subject for the anesthesiologist. 
Opioid medications were frequently used as ad-
juncts to facilitate better intubation conditions in 
RSAI. In authors’ previous study, with the same 
study design, they compared the effects of re-
mifentanil and lidocaine on intubation conditions 
[3]. Remifentanil 1 µg/kg with succinylcholine or 
rocuronium provided excellent intubation condi-

tions in hypertensive patients. One of the aims of 
this study was to investigate the BIS values and 
their relation to intubation conditions. No signifi-
cant relationship was demonstrated between BIS 
values and intubation conditions. Despite the fact 
that BIS values were comparable among groups, 
the patients who received 1 µg/kg remifentanil had 
better intubation conditions and higher intubation 
condition scores. Moreover, the number of pa-
tients with an excellent intubation condition (total 
intubation condition score ≥ 12) was also higher in 
patients who received 1 µg/kg of remifentanil. Ac-
cording to the authors, the results for intubation 
conditions are not surprising as it has been shown 
in different studies that opioids improve intuba-
tion conditions in as a dose dependent fashion [2, 
22–24]. 

The question of the usefulness of BIS moni-
toring in order to predict satisfactory intuba-
tion conditions is crucial and still under debate. 
Messieha et al. [25] retrospectively evaluated the 
use of BIS as a guide for the timing of nonpara-
lytic tracheal intubation in pediatric office‐based 
general anesthesia and emphasized that a level of 
sevoflurane general anesthesia with a BIS mean 
value of 34.7 provided excellent intubation condi-
tions without the use of a neuromuscular block. 
They also suggest further randomized prospective 
controlled studies to clarify the threshold BIS level 
for ideal conditions for performing this technique 
[25]. One of the main findings of this study was 
that BIS values are not related to intubation condi-
tions. In order to search for a relationship between 
BIS values and intubation conditions, the authors 
ran further statistics in patients with BIS values 
higher than 60 and an intubation condition score 
lower than 12. The total number of patients in 
both groups with a total intubation score less than 
12 was 19 out of 54 patients. The mean BIS value 
of these patients at intubation (50 ± 9) (regardless 
of groups) was comparable to patients with an in-
tubation score higher than 12 (44 ± 8). The total 
number of patients with a BIS value at intubation 
higher than 60 was 10. However, the authors failed 
to find a difference between patients with a BIS 
value higher or lower than 60 in terms of total in-
tubation condition score. According to this data 
and with this study design, the authors have failed 
to demonstrate a relationship between BIS value 
and intubation conditions. 

There are number of shortcomings of this 
study. As stated above, remifentanil was adminis-
tered as a bolus. The authors believe that the target 
controlled infusion system is not suitable for RSAI. 
In this current study they didn’t use the isolated 
forearm technique to detect awareness during the 
anesthesia induction. On the other hand, the pa-
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tients were questioned for the incidence of recall 
and no patient expressed recall. The isolated fore-
arm technique doesn’t seem to be suitable for RSAI 
as the time interval between the administration 
of the drugs and the intubation is very short and 
a crush intubation is needed. Moreover, accord-
ing to the previous data, patients who responded 
to comment during the operation might not recall 
the intraoperative events [10]. Awareness during 
anesthesia may or may not lead to memory for-
mation [26]. In addition, it has been shown that 
the formation of memory under general anesthesia 
can be suppressed by subanesthetic concentrations 
of anesthetics [27]. This makes both the isolated 
forearm technique and investigating the patients 
after the operation questionable. However, further 
studies are needed to investigate the incidence of 
recall and intraoperative awareness in patients un-

dergoing RSAI. One of the potential limitations 
also seems to be the basis of power of the study, 
which was calculated from the hemodynamic data 
instead of the difference of BIS values between 
groups. 

In conclusion, 1 µg/kg of remifentanil com-
pared to 0.5 µg/kg of remifentanil provides a simi-
lar hemodynamic profile and BIS scores in patients 
undergoing RSAI. However, 1 µg/kg of remifenta-
nil is associated with superior endotracheal intu-
bation conditions. According to this study design 
and the medications used, a relationship between 
BIS scores and intubation conditions couldn’t be 
demonstrated. However, further studies should be 
done in RSAI with different doses of remifentanil 
or other drugs, in a larger number of series to in-
vestigate the possible relationship of BIS score and 
intubation conditions. 
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